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DETAILED ACTION 

Specification 

1 . The disclosure is objected to because of the following informalities: 
Paragraph 47 refers to the integrator circuit 210, but Fig. 3 210 and Fig. 5 210 
show a low pass filter. 

2. Appropriate correction is required. 

Claim Objections 

3. Claims 1 and 1 1 are objected to because of the following informalities: 
Claims 1 and 1 1 are punctuated with two periods. Appropriate correction is 
required. 

Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for 
all obviousness rejections set forth in this Office action: 

A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the subject 
matter sought to be patented and the prior art are such that the subject matter as a 
whole would have been obvious at the time the invention was made to a person having 
ordinary skill in the art to which said subject matter pertains. Patentability shall not be 
negatived by the manner in which the invention was made. 

5. Claims 1-10 are rejected under 35 U.S.C. 103(a) as being anticipated by 
Tanaka (US 6,157,182) in view of Shimamori (US 6,204,650) and Farrenkopf 
(US 6,229,293). 

6. With respect to Claim 1 , Tanaka discloses a power converter comprising: 
a load sensor configured to monitor the output (Fig. 3 12) of the peak current 
detector to change operating modes (Fig. 3 14) for the power converter, wherein 
the power converter changes from a hysteretic mode ("light load mode") to a 



Application/Control Number: 10/760,626 Page 3 

Art Unit: 2838 

continuous switching mode ("heavy load mode") when the number of peak 
current pulses (para 51 "current supply cycles") in the burst period exceeds a 
predetermined number (Fig. 8 32); a peak current detector configured (Fig. 3 13) 
to sense current through the load and to output a peak current pulse (Fig. 3 
SECOND SIGNAL) to the pulse width modulator (Fig. 3 14) to turn off the 
switching transistor when the sensed current exceeds a peak reference level 
(Tanaka Fig. 5 Lp). Tanaka does not disclose the use of a pulse frequency 
modulator (PFM) or that the current should be sensed through the switch. 
Farrenkopf teaches a boost converter (Fig. 1) with a switching transistor (Fig. 1 
N1 ) and further discloses to sense the current through the switching transistor 
(Fig. 1 Rs). The use of PFM techniques are widely known and taught by a 
number of sources including Bittner (US 5,568,044) and Shimamori (US 
6,163,143). While Shimamori's implementation of the operation unit (Fig. 19 94) 
is digital, it would have been obvious to one of ordinary skill in the art at the time 
of the invention to implement the operation unit with analog circuitry because 
mappings between digital and analog circuits are well known in the art and 
analog implementations are often more economical when a microcomputer is not 
available. Shimamori teaches a pulse frequency modulator (Fig. 19 91) 
configured to control the switching transistor, wherein the pulse frequency 
modulator is enabled during a burst period in which an output (Fig. 19 OUTPUT) 
of the power converter is less than a predetermined level (Fig. 19 REFERNCE 
VALUE). It would have been obvious to one of ordinary skill in the art at the time 
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of the invention to replace the PWM controller of Tanaka with the PFM controller 
of Shimamori. The motivation to replace the PWM controller with the PFM 
controller would be to achieve higher efficiency; a PFM mode requires fewer turn- 
on transitions to maintain a constant output voltage than does a PWM mode of 
voltage regulation, thus resulting in a lower gate-drive power dissipation for PFM 
mode; further a PFM mode can be achieved with a much simpler control circuit 
having fewer components, thus the power dissipation in the control loop of a 
PFM mode is less than that of the control loop of a PWM mode. It also would 
have been obvious to one of ordinary skill in the art at the time of the invention to 
combine the dual-mode converter of Tanaka with the boost converter of 
Farrenkopf to create the invention claimed by Ferguson, the reason fordoing so 
would be to obtain the benefit of an output voltage higher than the input voltage. 
Thus, the combined references teach in addition to the above, the use of a peak 
current detector (Farrenkopf Fig. 1 Rs) configured to sense current through the 
switching transistor (Farrenkopf Fig. 1 N1) and to output a peak current pulse 
(Tanaka Fig. 3 SECOND SIGNAL) to the pulse frequency modulator (Shimamori 
Fig. 19 91 ,94) to turn off the switching transistor when the sensed current 
exceeds a peak reference level (Tanaka Fig. 5 Ilp). 
7. With respect to Claim 2, Tanaka as above discloses the power converter 

of Claim 1 further comprising: a feedback comparator (Tanaka Fig. 3 12) 
configured to monitor the output of the power converter; and a filter circuit 
(Shimamori Fig. 19 95) coupled to an output of the feedback comparator and 
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configured to generate a variable voltage (Shimamori Fig. 19 93), wherein the 
variable voltage is used by the peak current detector (Tanaka Fig. 3 14) as the 
peak reference level (Tanaka Fig. 5 Ilp) when the power converter is operating in 
the continuous switching mode (Tanaka "heavy load mode") and the power 
converter changes from the continuous switching mode to the hysteretic mode 
(Tanaka "light load mode") when the variable voltage (Shimamori Fig. 19 93) falls 
below a predefined threshold (Tanaka para 5 "predetermined reference level"). 

8. With respect to Claim 3 Tanaka as above discloses the power converter of 
Claim 1, wherein the peak reference level (Tanaka Fig. 5 Ilp) is substantially 
constant during the hysteretic mode (Tanaka "light load mode"). 

9. With respect to Claim 4, Tanaka as above discloses the power converter 
of Claim 1, wherein the load sensor is a counter (Tanaka Fig. 14 52) that 
increments with each peak current pulse (Tanaka para 51 "current supply 
cycles") and resets (Tanaka Fig. 14 54) at the end of each burst period. 

10. With respect to Claim 5, Tanaka discloses the power converter of Claim 2, 
wherein the variable voltage (Shimamori Fig. 19 91) is proportional to the duty 
cycle of the output of the feedback (Shimamori Fig. 19 Vout). Shimamori does 
not detail the requirements for the filter. When combined with the feedback 
comparator of Tanaka (Fig. 3 12), the digital filter would be required to 
accumulate (integrate) the difference between the reference value and Vout and 
the filter circuit (Shimamori Fig. 19 95) becomes an integrator and the variable 
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voltage analog (Shimamori Fig. 19 91 ) is proportional to the duty cycle of the 
output of the feedback comparator (Tanaka Fig. 3 12). 

1 1 . With respect to Claim 6, Tanaka as above discloses a method to convert 
operating modes (Tanaka Fig. 3 14) in a switching regulator, the method 
comprising the steps of: turning on a pulse frequency modulator (Shimamori 
Fig.19 91,94) for a burst period when an output of the switching regulator is less 
than a first level (Tanaka Fig. 3 12), wherein one or more switching cycles for a 
switch occur in the burst period; turning on the switch in each switching cycle 
until the switch conducts a peak current (Tanaka Fig. 5 Ilp) followed by a switch 
off-time of a predetermined duration (Shimamori Fig. 19 92); and converting from 
a hysteretic mode (Tanaka "light load mode") to a continuous mode (Tanaka 
"heavy load mode") when the number of switching cycles (Tanaka para 51 
"current supply cycles") in a burst period exceeds a predetermined value 
(Tanaka Fig.3 32). 

1 2. With respect to Claim 7, Tanaka as above discloses the method of Claim 
6 further comprising the steps of: generating a variable threshold (Shimamori Fig. 
19 93) to control the peak current conducted by the switch during the continuous 
mode (Tanaka "heavy load mode"); and converting from the continuous mode to 
the hysteretic mode (Tanaka "light load mode") when the variable threshold is 
less than a predefined level (Tanaka Fig. 14 52). 
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1 3. With respect to Claim 8, Tanaka as above discloses the method of Claim 

6, wherein the peak current is substantially constant (Tanaka Fig. 5 l L p) during 
the hysteretic mode (Tanaka Fig. 5 I L p). 

14. With respect to Claim 9, Tanaka as above discloses the method of Claim 

7, wherein the variable threshold (Tanaka Fig. 5 l L p) is generated from a 
feedback voltage (Shimamori Fig. 19 Vout) indicative of the output of the 
switching regulator (Shimamori Fig. 19 OUTPUT). 

15. With respect to Claim 10, Tanaka as above discloses the method of Claim 
6, wherein the switching regulator is a boost converter (Farrenkopf Fig. 1). 

16. Claims 11-12 are rejected under 35 U.S.C. 103(a) as being anticipated by 
Muratov (US 6433525) in view of Shimamori (US 6204650). 

1 7. With respect to Claim 1 1 , Muratov discloses a switching regulator using a 
dual-mode pulse width modulation technique (Fig. 4 100) comprising: means for 
sensing a transition from relatively light load current to relatively heavy load 
current by monitoring switching cycles of a switch (Fig. 4 50 "a counter in the 
mode switch 50 counts the number of pulses of the new polarity and after n 
pulses in a row, the mode switches"); and means for operating the switching 
regulator in a hysteretic mode (Fig. 4 HYSTERETIC CONTROLLER) during 
relatively light load current, wherein the switch conducts a substantially fixed 
peak current during the hysteretic mode; and means for operating the switching 
regulator in a continuous switching mode (Fig. 4 PWM CONTROLLER) during 
relatively heavy load current, wherein the switch conducts a variable peak current 
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during the continuous switching mode. Muratov does not disclose the use of 
pulse frequency modulation (PFM) as the other mode of operation. The use of 
PFM techniques are widely known and taught by a number of sources including 
Bittner (US 5,568,044) and Shimamori (US 6,163,143). Shimamori teaches the 
use of a suitable PFM technique. It would have been obvious to one of ordinary 
skill in the art at the time of the invention to replace the PWM controller of 
Muratov with the PFM controller of Shimamori to create the invention claimed by 
Ferguson. The motivation to replace the PWM controller with the PFM controller 
would be to achieve higher efficiency; a PFM mode requires fewer turn-on 
transitions to maintain a constant output voltage than does a PWM mode of 
voltage regulation, thus resulting in a lower gate-drive power dissipation for PFM 
mode; further a PFM mode can be achieved with a much simpler control circuit 
having fewer components, thus the power dissipation in the control loop of a 
PFM mode is less than that of the control loop of a PWM mode. 
1 8. With respect to Claim 1 2, Muratov in view of Shimamori discloses the 
switching regulator of Claim 1 1, further comprising: means for sensing an output 
of the switching regulator (Fig. 4 20), means for generating a feedback voltage by 
comparing the sensed output to a reference voltage (Fig. 4 Vo FEEDBACK); and 
means for controlling the variable peak current based on the feedback voltage 
(Shimamori Fig. 19 91). 



Application/Control Number: 10/760,626 Page 9 

Art Unit: 2838 

Conclusion 

19. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Bowman (US 6,791 ,283) discloses a boost converter with 
current feedback driving a load of LED's. 

20. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Harry Behm whose telephone number is 571- 
272-8929. The examiner can normally be reached on business hours EST. 

21 . If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, David Gray can be reached on 571-272-2119. The fax 
phone number for the organization where this application or proceeding is 
assigned is 571-273-8300. 

22. Information regarding the status of an application may be obtained from 
the Patent Application Information Retrieval (PAIR) system. Status information 
for published applications may be obtained from either Private PAIR or Public 
PAIR. Status information for unpublished applications is available through 
Private PAIR only. For more information about the PAIR system, see http://pair- 
direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll- 
free). /f == ^A 
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